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(57) Abstract 

A system and method of detecting 
diseased cells in a large population of nor- 
mal cells that uses flow cytometry and 
vibrational spectroscopy techniques. The 
system and method combine flow cytom- 
etry with a spectrometry system to detect 
inherent properties of each cell examined, 
inherent properties that not only discrim- 
inate between the presence or absence ot 
disease but also the degree at which the 
cell is diseased. More specifically, the sys- 
tem and method combine the use of flow 
cytometry to separate cells of the sample 
population and Raman or resonance Ra- 
man spectroscopic techniques for detecting 
inherent differences in cells for the purpose 
of determining whether cells are diseased 
and level of disease in the cells. This is ac- 
complished by forming a stream of cells by 
flow cytometry into the sampling region at 
which each cell is irradiated by an incident 
beam of a Raman laser. The scattered Ra- 
man spectrum from each cell is detected by 
a Raman spectroscopy. More specifically, 
a complete Raman spectrum or resonance 
Raman spectrum is detected for each eel 
flowing past the incident beam. This will 
provide information as to whether the spe- 
cific cell in the beam of the incident light 
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in the complete absence of cancer cells. As such, there is a guarantee that there will be false 
positive detection. Given these results, even a highly selective probe would not be useful 
for detecting cancer cells. Further, there is no way to determine what these results really 
mean because of the number of false negatives that also will obtain. 

An approach to identifying a small number of abnormal cells in large 
mixtures of normal cells is to examine each cell in a population of interest in some rapid 
and automated manner. "Row cytometry" is a technique that causes cells to flow in a 
stream of fluid (usually water) such that the cells line up in single file. This is accomplished 
by forcing the cells into tubes with diameters on the order of the diameter of a single cell. 
Once this separation of cells into a single line is achieved, the properties of each cell can 
be studied, in theory, independently of the properties of any other cell. 

The examination for properties of cells separated by the flow cytometry 
technique generally have to be optical because of the brief period of time that each cell will 
be available for testing. The examination of each cell in the stream is performed by 
irradiation with a laser at a predetermined point in the flow path. Typically, the detection 
system is based on the fluorescence of material in cells or the fluorescence of probe 
molecules attached to cells of interest. The incident beam of light excites fluorescent 
molecules only in the single cell being irradiated. The fluorescent signal is collected by a 
suitable detector, and the nature of the detection event is recorded. Scattering of incident 
light, based on the size of the cell in the beam, also is used as a signal to detect and measure 
the sizes of cells. 

Natural fluorescence of normal cells and cancer cells will not discriminate 
between them. To provide this discrimination, attempts have been made to label 
populations of different cells selectively. For example, to detect small numbers of cancer 
cells in a large population of normal cells, there would be an attempt to label only the cancer 
cells with a fluorescent molecule. When a tagged cancer cell passes through the beam of 
incident light, a signal will be detected indicating the presence of a cancer cell. When a cell 
passes through the incident beam and no labeling is detected, this would be categorized as 
a normal cell. Systems do exist for detecting and counting normal cells in the blood in this 
manner. 

Present day flow cytometry performs adequately for identifying rare events 
when the fluorescent system can be constructed to collect relevant information about the 
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cells of interest, which depends on the ability to label the cells of interest with high 
selectivity. There are many ways, in theory, to selectively label cells with fluorescent 
molecule, One conventionally and widely used method is to mix the cell sample of interest 
with fluorescent anubodres that will bind specific molecular recognition sites on the 
5 surfaces of different populations of cell, Another is to make the DNA in the entire ceil 
populauon fluorescent and then measure the amount of DNA per cell. The DNA content of 
cancer cells differs from that of normal cells. However, this difference is not always 
significant lor the purpose of discriminating between different types of normal cells or 
between cancer cells and normal ceils : As such, a pathologist cannot reasonably rely upon 

no fluorescent method that has proved sufficiently discriminating, in the context of flow 
cytometry, for determining whether a given cell is a normal cell, a cancer cell or whether 
a cell has properties between these extremes. This problem is magnified by the fact that 
diseased cells differ, even between diseased cells of the same disease. Therefore the 
difficulty in finding a means to dominate certain cell types, e.g.. cancerous, is'great. 

There are no prior teachings of how a flow cytometer system can be 
combmed with a detection system for discriminating between cancer and normal cells in 
the absence of prior treatment of the ceils with labels that are specific for one or another of 
these types of cells at issue. In addition, the selectivity of any such labeling system is not 
absolute. The meaning of signals detected from probes may be uncertain because these may 
20 not label only those cells with the disease being searched for. Thus, there is a need for a 
rap,d. easy to use. automated system for detecting diseased cel.s in a large populauon of 
normal cells using the flow cytometry presentation-method. 
Summary of thp iny^mi^ 

The present invention is a system and method of detecting diseased cells in 
25 a large population of normal cells that uses flow cytometry, and Raman or resonance 
Raman spectroscopic techniques. The present invention, in essence, combines How 
cytometry with a spectrometric system. This combined system does not depend on selective 
labehng of cells, nor the prior treatment of cells in any necessarily prescribed manner, nor 
the labeling of ceils with probe molecules in order to discriminate between normal cells and 
30 To the contrary, the present invention depends, as is highly desired, on 

detecting inherent properties of each cell examined, inherent properties that not only 
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discriminate between the presence or absence of disease but also the degree to which a cell 
is diseased. 

In addition to providing pathological diagnoses on-line, the combined 
system of the present invention can be used to sort cells as they exit the flow system. Cells 

5 sorted in this manner into homogenous groups then may be subjected to more extensive 
study of their properties. 

The present invention combines the use of flow cytometry to separate cells 
of the sample population and Raman or resonance Raman spectroscopic techniques for 
detecting inherent differences in cells for the purpose of determining whether cells are 
diseased and level of disease in the ceils. This is accomplished by forming a stream of cells 

10 by flow cytometry into the sampling region at which each cell is irradiated, for example, 
by an incident beam of a laser. The scattered Raman spectrum from each cell is detected by 
a suitable detector. More specifically, a complete Raman spectrum or resonance Raman 
spectrum is delected for each cell flowing past the incident beam. This will provide 
information as to whether the specific cell in the beam of the incident light is normal or 

15 diseased. The level of disease also may be determined. 

An object of the present invention is to provide a simple, easy, and 
inexpensive system and method for determining the presence or absence of disease in a 
population of cells, and the level of disease in the cells. 

Another object of the present invention is to provide a system and method 

20 that combines flow cytrometry and Raman and/or resonance Raman spectroscopic 

techniques to determine whether a given cell is diseased, normal, or somewhere between 
the two. 

Brief Description of the Drawings 

Figure 1 shows a first embodiment of the system of the present invention. 
Figure 2 shows a second embodiment of the system of the present invention. 

25 

Detailed De scription of the Drawings 

The present invention is a detectionsystem that combines flow cytrometry, 
and Raman or resonance Raman spectroscopy for detecting the presence or absence of 
diseased cells in a sample population of cells. 

Figure 1, generally at 100, shows a first embodiment of the system of the 
30 present invention for detecting diseased cells in a large population of normal cells in the 
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Wood, bone .narrow, body fluid, Ussuz (UMte d ,o rCease cefls for examinauon one by one 
in a flow sys,em) or me like. In Figure ,. lhe sys<em includes a flow cy.omc.er ,02 wh.ch 
causes lhe flow or ceils in a fluid soiuuon ro separaie inco a surgie line in l„,e 1 04 ,„ b„e 
104, die cells move one al one lime in direction A. 

How cy.ome.er 104 includes sample chamber ,06. The sample chamber ,s 
a, a ,ocauon a, which each ce„ ,„ „„e ,04 is subjccle<1 10 m incidem ^ of 
laser ,08. The incdem ligh, from laser ,08 is focused on each cen as i. passes mrough 
samp,e chamber ,06 of flow cy,om=,er ,02. The beam exci.es U,e ce„s in sample chamber 
106 with light at predetermined frequencies. 

TTie scattered light responses from the cell being irradiated by laser 108 are 
u.put to demodulator , 10. T*e demodulator separates the total response into the individual 
requenc.es representative of the scattered light of the irradiated cells in sample chamber 
106. Preferably, the scattered light is collected at right angles to the incident beam that is 
focused on each cell so that there will be the rapid demodulation of the frequencies of the 
scattered light. The demodulator may be a grating, or such devtces as an interterometry or 
tunable acoustico-optical filters. Detector 112 receives the demodulated signal and 
generates the vibrational spectra for scattered light and inputs it into computer 1 14. 

Computer 1 14 controls the entire system. This includes flow cyiometer 104 
laser 108, demodulator 1 10. detector 1 12, and cell sorter 1 16. Computer 1 14 upon ' 
receding the vibrational spectra from detector 1 ,2. compares it with stoied information to 
detente if the cell being examined is a diseased cell or normal cell. If it is determined that 
u is diseased, it is also determines the level at which the cell is diseased. The results of the 
comparison is output to display 1 15 for display. 

Once computer 1 14 makes its determination as to the type of cell that is 
being examined, it sends an appropriate signal to cell sorter 1 1 6 to direct the cell at issue to 
a parucuiar al ter examination location. In Figure 1 , the cells can be directed to line 1 18 and 
120 depending on the category in which the cell is placed. This includes normal and 
diseased cell locations. 

Raman specroscopy is used .0 genera* .he necessan, vibrauona, specua 
■or each ce,l because i, is sensiuve for de,=cu„g changes in u,e amoum and in ,h= chemical 
and physica, proper,..* o, mo,eeu,es in me eel,, which includes bod, sim P ,e and comp.ex 
molecules. 
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As the severity of disease increases in ceils, it changes the chemical and 
physical properties of the complex molecules from which cells are built and which direct 
normal function. It is these discrete and often slight changes that Raman spectroscopy 
detects and in the case of the present invention, on a cell by cell basis. Not only are the 
affects of disease, at the molecular level, revealed by Raman spectroscopy, but also the 
affects of treatment can be determined. This helps identify which treatments are effective 
and which are not good treatment regimens for a certain patient. 

The collection of Raman spectra in the above indicated manner for each cell 
has inherent advantages for diagnosis of rare events. A first is that a characteristic 
vibrational spectrum will not be generated for debris that contains less than the complete 
components of a cell. A second is that a marker of disease is an inherent property of the cell 
being examined and will be present if the complete components of a cell are present and 
the cell is diseased. A third is that the Raman spectrum provides information on the inherent 
properties of the cells examined and is independent of any need to label cells to make them 
detectable to the analytical system. A fourth is that the Raman spectrum of a cell contains 
a far larger amount of information about that cell than can be obtained with any current 
method, and, in particular, the significant differences in the spectral responses between 
types of cells. A fifth is that a pulsed resonance Raman laser on a rapid time scale allows 
for rapid screening of cells. This method also reduces the fluorescence of cells, avoids 
heating of the cells, and degradation of the inherent spectral information within them. A 
sixth is that any type of cell, even within the normal or diseased categories, can be 
differentiated from each other by the Raman spectrum for the ceils because of the 
sensitivity of the response. And a seventh is that in addition to using vibrational (Raman) 
spectroscopy for diagnostic purposes, the spectra identified according to the present 
invention are usable for sorting cells. 

The color of the incident beam of light may be selected to coincide with one 
or another molecular absorption for one of the components in cells. These components, for 
example, could be proteins of the cell or the nucleic acids (DNA) of the cell. According to 
this preferred embodiment of the present invention, the spectra obtained are resonance 
Raman spectra. Resonance Raman spectroscopy will produce the spectra for selected types 
of molecules in the cell. These spectra will not have interfering, overlaping spectral bands 
from other molecules in the cells. Moreover, the intensity of the scattered light in resonance 
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Raman spectroscopy can be as much as a million-times greater than in conventional Raman 
spectroscopy. This enhances signal strength and the signal-to-noise ratio of the generated 
stgnal. As such, there will be rapid collection of the spectra and rapid detection of cellular 
spectral signatures for the purpose of discrimination. 

Resonance Raman spectra can be obtained at more than a single excitauon 
frequency. For example, the tncident light can be chosen at a frequency that is absorbed by 
protem. e.g.. 280 nm. or in a frequency absorbed by DNA. In carrying out this aspect of 
present invention, it is desirable to have resonance Raman spectra at more than one 
frequency for absorption by proteins or more than one frequency for absorpuon by DNA 
Thereafter, it is within the scope of the present invention that the selection of frequencies 
for resonance Raman spectroscopy may not be limited as long as it will excite a desired cell 
component or components. The use of multiple frequencies will permit the selective 
acquisition of information via resonance Raman spectroscopy for multiple types of 
molecules in cells. 

When it is desired to use more than one frequency and resonance Raman 
spectroscopy is being used, incident beams of the desired different frequencies are arranged 
in tandem. The beams will irradiate cells in a predetermined sequence. The alternative 
method for using different frequencies to excite the cells is to arrange the excitation beams 
in parallel by splitting the stream of flowing cells into more than one channel. The flow of 
cells is to more than one sample chamber when the chambers are arranged in parallel. 
However, the resonance Raman spectra at different frequencies are not recorded for 
identical cells as in the first method. ; 

The parallel arrangement also may be used for collecting Raman spectra at 
a single excitation frequency. This arrangement allows faster throughput of cells in the 
system and reduces the time for examination of a single sample of cells. 

The embodiment of the present invention that uses two parallel paths is 
shown in Figure 2, generally at 200. In this figure, the flow of cells of interest arc input to 
flow cytometer 202 and flow in direction A. In flowrytometer 202, the cells enter line 204 
one by one. The cell flow is split by conventional means so that the flow is divided 
substantially equally in lines 206 and 208. The cells in line 206 pass through sample 
chamber 210 where they are irradiated at a predetermined frequency by Raman laser 214. 
The scattered light is demodulated by demodulator 218. as described for demodulator 1 10, 
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and the demodulated signal is input to detector 220. The vibrational spectra representative 
of the cell is output by detector 220 and is input to computer 222 where it is compared to 
determine if the irradiated cell is normal or diseased, and the level of disease in the cell. 
Based on the results of the comparison, the computer can control cell sorter 226 to send the 
cell under test to either output line 230 or line 232 so that cells with the same characteristics 
3 can be placed together for further study if desired. Although only two output lines are 
shown, it is within the scope of the present invention that more lines can be added so that 
a more selective sort may take place. 

The cells in line 208 undergo processing similar to the cells in line 206. 
Specifically, the cells in line 206 pass through sample chamber 212 where they are 
1 ° nradiated at a predetermined frequency (which may be ihe same or different from the 

frequency of laser 214) by laser 216. The scattered light ts demodulated by demodulator 
218. Detector 218 receives the output from demodulator 218 and generates a vibrauonal 
spectra representation of the cell irradiated. The spectra is input to computer 222 where it 
is compared and analyzed to determine if the cell under test is normal or diseased, and the 
15 level at which it is diseased if it is in fact diseased. Computer 222 controls cell sorter 228 
io output the cell under test to output line 234 or line 236 depending on the type cell it is. 
Again, there may be more output lines if it is desirable that the sorting be more selective. 

Computer 222 controls the system elements so that both of the parallel lines 
have access time to the computer, demodulators, detectors, and all other system elements 
without problem. The system also includes display 224 to display desired information. 

The computer operating in real-time provides the operator with a real-time 
summary of the recording of events displayed on the display. The events of importance may 
be the number of cells counted, the number of rare events corresponding to cancer cells, the 
number of rare events corresponding to characteristic spectra of other known types, and the 
number of events not corresponding to normal events but not characteristic of cancer cells 
Spectra for events already recorded can be down loaded for any purpose. 

Computer analysis of spectra can fee in real time. However, if desired the 
spectra can be collected, stored, and analyzed at a later lime. It has been found that a 
complete spectrum of each cell will contain about 1-2 kb of data. The run time will vary 

depending on the sample size and testing criteria. 
30 The system operator may select to save only a certain amount of spectra data 
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in the same way as the cells in the unknown sample. 

The present invention provides a system and method for searching for 
cancer in patients suspected of having cancer but in whom careful examination by other 
modalities may fail to find such cancer. First, it is necessary to analyze vibrational spectra 
of cancer cells detected in the patient's blood. This will provide a specific diagnosis as to 
the tissue of origin of the cancer. This information is important for further diagnostic testing 
and treatment of affected patients. 

Obtaining vibrational spectra of the blood of patients in whom cancer cells 
were found before and/or after treatment with chemical and surgical therapies for cancer 
will be helpful to understand the effect of the treatment regimen. For example, many 
patients are treated with chemotherapy after surgical removal of a breast cancer or a colon 
cancer. The treatment is continued for arbitrary periods and without evidence of effect in a 
single given patient. Therapy thus is based on the statistical effects of treatment on a large 
population of patients. The present invention, however, would give clear indications with 
regard to the effect the treatment has had. 
15 The system and method of the present invention may also be used to identify 

diseases, such as leukemia. As mentioned earlier, a major problem in the treatment of 
leukemia is the inability to find leukemic cells in the bone marrow when the concentration 
of leukemic ceils fall below 5%. Considering that the cancer cell burden in patients with 
acute myelogenous leukemia is on the order of 10 13 cells, a residual of 5% diseased cells 
20 represents 10 1 1 -10 12 cancer cells present in the patient's bone marrow. The present 

invention will permit treatment decisions to be driven by precise knowledge of the effect 
specific treatments have on the numbers of cancer cells left in the patient's bone marrow at 
each stage during the course of treatment. The present invention will determine if a specific 
treatment has reached the limits of usefulness as reflected, for example, by no further 
25 decrease or increase in the numbers of cancer cells in the bone marrow. 

In the case that a patient responds to a given treatment, the effect of that 
treatment on the spectral properties of the cancertells becomes a marker of therapeutically 
positive effects. The disappearance of these markers in the spectra of cancer cells during 
treatment can be used as a basis forjudging the efficacy of therapy in real time. This has 
^ implications for therapeutic decisions because it provides oncologists with a criterion. 
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about a cancer, on which to base judgments on real-time to change treatment. 

The present invention may be practical for determining the onset of a 
relapse of disease. The sensitivity of the system and method of the present invention will 
determine the number of cancer cells present even though they fall into less for 5% 
category. This is, the present invenuon will determine if the number of cancer cells at levels 
less than 5% of marrow cells is increasing despite continued treatment. 

In this same light, the present invenuon will allow patients in remission who 
are no longer being actively treated, for example, with chemotherapy, to be able to detect 
early any relapse by the reappearance of cancer cells in the bone marrow. 

The present invention also is very useful for detecting a very small number 
of cells in a large fluid volume, such as cells in urine. It further includes specimens in 
sputum, or cells scraped from the cervix, or cells removed from solid tissue by free needles 
aspiration (of a suspicious nature). 

The system and method of the present invention have general application to 
cytological examinations of any type. This present invention is favorably applied when 
cells in a given sample are derived from anatomically separate regions of an organ, for 
example, in cells in sputa that derive from all segments of the bronchial tree, or when cells 
in a sample are derived from multiple organs, as occurs for cells in urine (derived from 
kidney, bladder, collecting system of the urogenital tract, prostate) or cells in a sample 
removed from the cervix (cells potentially derived from the exocervix, the endocervix, 
uterus, and ovary.) The strength of the present invention is for cytologic examination of 
specimens obtained from organs (like the lung), the cervix, or urine is the ability to 
distinguish between each type of cell no matter the ratio of the cells present. 

The present invention also may be used to detect and quantitate any type of 
cell with a Raman spectrum or a resonance Raman spectrum that differentiates it from other 
types of cells in the specimen. For example, the present invention may be used to detect 
selectively and to count the numbers of B and T lymphocytes in peripheral blood and to 
report on the presence of abnormalities in the T lymphocytes. Finally, the present invention 
may be used to detect evidence for infection as reflected by abnormalities/reactive changes 
in white cells in blood. 

The terms and expressions which are used herein are used as terms of 
expression and not of limitation. There is no intention in the use of such terms and 
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expressions of excluding the equivalents of the features shown and described, or portions 
thereof, it being recognized that various modifications are possible in the scope of the 
present invention. 
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Claims : 

1. A method for detecting, characterizing and counting the cell types present 
in a biological sample, comprising the steps of: 

obtaining and storing in storage means first spectra in a predetermined frequency 
range for each cell type that is present in such biological sample; 

separating the cells in the biological material by flow cytometry to produce one or 
more single file line of ceils; 

generating second spectra one cell ata time for each single file line by passing each 
cell past an incident beam of light and a spectrometer means; 

comparing the first and second spectra for variations in frequency bands for 
indicating the number and character of each cell type present in the biological sample; and 

diagnosing the number and character of each cell type by the number and magnitude 
of variations of the first and second spectra. 

2. The method according to claim I. wherein the spectrometer means is a 
Raman spectroscope and the incident light is in the visible, ultraviolet, near infrared or 
infrared region of the light spectra. 

3. The method according to claim 1 , wherein the incident light and 
spectrometer means are appropriate for resonance Raman spectroscopy. 

4. The method according to claiml . wherein the incident light and 
spectrometer means are appropriate for near infrared absorption spectroscopy. 

5- The method according to claim 1 , wherein the incident light and 
spectrometer means are appropriate for differentiating cells from each other on the basis of 
their Raman, resonance Raman, and/or combinations of resonance Raman spectral data 
obtained at more than one frequency of incident light. 

6. The method according to claim I. wherein the biological sample is bone 
marrow, blood, sputa, urine, ascitic fluid, cerebral spinal fluid, pleural fluid, cytological 
specimens acquired by fine needle aspiration of tissues, cervical tissue, uterine tissue, in 
any other sample containing live or chemically fixed cells that have been dissociated from 
each other. 

7. A method for diagnosing cancer by detecting low levels of cancer cells in a 
patient's blood or bone marrow containing normal cell types, comprising the steps of: 

obtaining and storing in storage means first spectra in a predetermined frequency 
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range for each normal cell type that is present in such patient's blood or bone marrow; 

separating the cells in the patient's blood or bone marrow by flow cytometry to 
produce one or more single file line of cells; 

generating second spectra one cell at a time for each single file line by passing each 
cell past an incident beam of light and a spectrometer means; 

comparing the first and second spectra for variations in frequency bands for 
indicating the number of cancer cells present in the patient's blood or bone marrow; 

diagnosing the number of cancer cells present by the number and magnitude of 
variations of the first and second spectra. 

8. The method according to claim 7, wherein the cancer is residual leukemia. 

9. A method for evaluating the course of cancer by carrying out the method 
according to claim 7 at a first time point and at a second later time point and comparing the 
number of cancer cells present in the patient's blood at each time point. 

10. A method for evaluating a response to cancer therapy by carrying out the 
method according to claim 9, wherein the first time point is before administration of 
therapy and the second time point is after administration of therapy. 

11. A method for evaluating changes in biological properties or phenotypic 
properties of cancer cells over time in a patient's blood, comprising the steps of: 

obtaining and storing in storage means first spectra in a predetermined frequency 
range for normal ceils and cancer cells that are present in such patient's blood at a first point 
in time; 

separating the cells in the patient's blood by flow cytometry to produce one or more 

single file line of ceils; 

generating second spectra at a second later point in time one cell at a time for each 
single file line by passing each cell past an incident beam of light and a spectrometer means; 

comparing the first and second spectra for variations in frequency bands for 
indicating biological or phenotypic changes in cancer cells present in the patient's blood; 

diagnosing the biological or phenotypic changes of cancer cells present by the 
number and magnitude of variations of the first and second spectra. 

12. A method for evaluating a response to cancer therapy by carrying out the 
method according to claim 1 i t wherein the first time point is before administration of 
therapy and the second time point is after administration of therapy. 
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13. A method for detecting and typing bacteria possible present in body fluids 
comprising the steps of: 

obtaining and storing in storage means first spectra in a predetermined frequency 
range for each cell type that is present in such body fluid and for each bacterial type that is 
possibly present in such body fluids; 

separating the cells in the biological material by flow cytometry to produce one or 
more single file line of cells; 

generating second spectra one cell at a time for each single file line by passing each 
cell past an incident beam of light and a spectrometer means: 

comparing the first and second spectra for variations in frequency bands for 
indicating the number and type of bacteria present in the biological sample; 

diagnosing the number and type of bacteria present by the number and magnitude 
of variations of the first and second spectra. 

14. A method for assessing sepsis by detecting changes in leukocytes in a 
patient's blood, comprising the steps of: 

obtaining and storing in storage means first spectra in a predetermined frequency 
range for unactivated and activated leukocytes; 

separating the cells in the patient's blood by flow cytometry to produce one or more 
single file line of cells; 

generating second spectra one cell at a time for each single file line by passing each 
cell past an incident beam of light and a spectrometer means; 

comparing the first and second spectra for variations in frequency bands for 
indicating the number of activated leukocytes cells present in the patient's blood; 

diagnosing whether sepsis is present based upon me number of activated leukocytes 
present as determined by the number and magnitude of variations of the first and second 
spectra. 

15. The method according to claim 14, wherein the leukocytes are T cells. 

16. The method according to claim 14, wherein the leukocytes are B cells. 

17. A system for detecting and characterizing the type of cells present in a 
biological sample, comprising: 

a flow path suitable for the passage of one ceil at a time in a predetermined 
direction; 
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a sample chamber disposed across the flow path at a predetermined location; 

a light source capable of irradiating a single cell located at the sample chamber so 
as to excite at least one component of the cell a predetermined frequency to generate a 
spectrum based on the excited cell; 

a detector for detecting the generated spectrum and processing the spectrum to 

generate vibrational spectrum; and 

signal processing means for receiving the vibrational spectrum and comparing it 
with stored information to determine whether the irradiated cell is diseased or normal. 

18. The system according to claim 17, wherein the light source includes a laser 
for exciting at least a Raman spectrum. 

19. The system according to claim 17, wherein the light source includes a laser 

for exciting at least a resonance Raman spectrum. 

20. The system according to claim 17, wherein the system further includes a cell 
sorter for sorting cells output from the flow path according to predetermined 
characteristics. 

21. A system for detecting and characterizing the type of cells present in 
biological sample, comprising: 

a flow path that has first and second parallel branches with the first and second 
branches each being suitable for the passage of one cell at a time in a first direction; 

a first sample chamber disposed across the first branch of the flow path at a 
predetermined location; 

a first light source capable of irradiating a single cell located at the first sample 
chamber so as to excite at least one component of the cell at a first predetermined frequency 
to generate a first spectrum based on the excited cell: 

a second sample chamber disposed across the second branch of the flow path at a 
predetermined location: 

a second light source capable of irradiating a single cell located at the second 
sample chamber so as to excite at least one component of the cell at a second predetermined 
frequency to generate a second spectrum based on the excited cell; 

a detector for detecting the first and second spectrum and processing the first and 
second spectrum to generate a first and second vibrational spectrum; 

signal processing means for receiving the first and second vibrational spectrum and 



WO 97/30338 



18 



PCT/US97/0I625 



comparing herein wi* stored Wom.auon ,o de K m.i„ c whacher UK irradiafcd cell, are 
diseased or normal. 

22. The system according to claim 21, wherein the first light source includes a 
laser for exciting at least a Raman spectrum. 

23. The system according to claim 2 1 , wherein the first light source includes a 
laser lor exciting at least a resonance Raman spectrum. 

24. The system according to claim 21, wherein thesystem further includes a cell 
first sorter for sorting cells output from the first branch of the flow path according to 
predetermined characteristics. 

25. ^sys te maccordin g tociaim21,whereinthesecondlightsourceincludes 
a laser lor exciting at least a Raman spectrum. 

26. ^systemaccord 1 ngtociaim21.wheremthesecondli g htsourceinciud CS 
a laser lor exciting at least a resonance Raman spectrum. 

27. ^esystemaccordingto C laim21.whereinthesystemfurtherincludesa 
second cell sorter for sorting cells output from the second branch of the flow path according 
to predetermined characteristics. 

28. The system according to claim 21, wherein the first and second 
predetermined frequencies are the same. 

29. TTie system according to claim 21, wherein the first and second 
predetermined frequencies are different. 
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